Background: Epidermal growth factor receptor (EGFR) is highly expressed in adenoid cystic carcinoma (ACC). The efficacy and toxicity of cetuximab with concomitant platinum-based chemoradio-or chemotherapy in patients with locally advanced or metastatic ACC, respectively, was evaluated.
Adenoid cystic carcinomas (ACCs) are rare and occur mostly in salivary glands. They represent 10-20% of tumours of salivary glands and 1% of head and neck cancers. Their occurrence in other secretory glands (breast, colon, prostate, etc.) is very rare. This type of tumour is slow growing with a high potential for local recurrence (Dubergé et al, 2012) . The natural history of ACC is often protracted and the patients usually live 10-20 years after the diagnosis. Approximately 50% of patients develop distant metastases. Ten per cent of metastatic patients also survive 410 years, whereas 33% of patients die within 2 years (Chau et al, 2012) .
The initial therapy of these malignancies consists of surgical resection followed by radiotherapy. The role of systemic therapy is in the management of local recurrence, locally advanced and metastatic disease, which are not amenable to surgical intervention and/or radiotherapy (Hotte et al, 2005) . Traditional chemotherapies are not associated with survival advantage (Laurie et al, 2011 ). An overall response rate between 1 and 9% was reported in a review of 11 studies using seven single-agent chemotherapies. The best results were achieved by cisplatin (Papaspyrou et al, 2011) . The concurrent radiochemotherapeutic approaches where various platinum-based regimens were tested have not evolved beyond retrospective analyses; however, these options lead to sustained locoregional tumour control (Haddad et al, 2006; Samant et al, 2012) . More recently, targeted therapies are expected to improve the efficacy of treatment. Unfortunately, their theoretical promise has yet to be fulfilled (Le Tourneau et al, 2011) . In view of frequent epidermal growth factor receptor (EGFR) positivity in ACC (74-91%) (Vered et al, 2002; Agulnik et al, 2007; Macarenco et al, 2008; Dahse et al, 2009; Locati et al, 2009a) , the EGFR antibody cetuximab seemed promising. Despite initial euphoria, the treatment results of cetuximab monotherapy failed to impress (Locati et al, 2009b) . The combination of cetuximab with concomitant radiotherapy was well tolerated and resulted in high local control and treatment response rates, but the survivals were hampered by distant failure (Jensen et al, 2010) . Combination of cetuximab plus chemotherapy was used very rarely (only in two case reports), resulting in objective response (De Dosso et al, 2009; Caballero et al, 2013) .
Given the above data, this study aimed to evaluate the efficacy of cetuximab with concomitant platinum-based chemoradio-or chemotherapy in patients with locally advanced or distant metastatic ACC, respectively, with documented positive EGFR expression.
PATIENTS AND METHODS
Patient selection. Two subgroups of patients were recruited:
Cohort 1: Patients with locally advanced disease not amenable to potentially curative surgery with N0M0 status.
Cohort 2: Patients with distant metastatic lesions. In case of metastatic patients, the surgical resection or radiotherapy of primary tumour was not an exclusion criteria.
Patients X18 years of age with histologically or cytologically confirmed ACC were eligible if they had IHC evidence (Ventana CONFIRM anti-EGFR (3C6) antibody) of strong ( þ 3) or moderate ( þ 2) EGFR-expressing tumours.
Pretreatment evaluation of patients included physical examination, clinical TNM staging, ECOG performance status assessment, computed tomography or magnetic resonance imaging of the primary site and neck, test of adequate haematologic, hepatic and renal function. All patients signed informed consent. The study was approved by the Ethics Commitee of the Institute. The trial number is EudraCT 2006-001694-23.
Study treatment. The combination of cetuximab with chemotherapy in the treatment of locally advanced and metastatic ACC patients was applied. Patients with locally advanced tumours received concomitant radiotherapy. A cetuximab loading dose (400 mg m À 2 ) was administered 1 week before irradiation (or on the first week of treatment of metastatic patients) followed by weekly dose of 250 mg m À 2 up to 5-7 times. The patients were treated with megavoltage photon beams with daily fractionation of 2 Gy per day, using three-dimensional conformal treatment planning. Radiation regimens were required to deliver the prescribed dose (66 Gy) to the planning target volume (PTV 2 ), which included primary tumour. The mean dose was 65 Gy (range, 60-66 Gy). Elective whole neck irradiaton was not carried out, because all cases were with node-negative neck, but the first echelon nodes -when neck dissection was not performed -were treated with 50 Gy (PTV 1 ), especially in patients with primary tumours in sites that are abounding in capillary lymphatics. During weeks 1, 3 and 5, a concomitant cisplatin (75 mg m À 2 intravenously) was applied on days 1, 21 and 42. In patients with metastatic ACC, a concomitant cisplatin (75 mg m À 2 intravenously) and continuous 5-fluorouracil (1000 mg m À 2 per day intravenously) on days 1-4 was administered. Dose modification or treatment delay was not necessary.
Premedication before cisplatin therapy consisted of standard hydration and prophylactic antiemetic medications. Chloropyramin was administered as standard premedication of cetuximab. Premedication with H 2 antagonist was optional.
Evaluation and response assessment. During the study, patients were weekly evaluated by physical examination. Comprehensive laboratory tests were performed at 21-day intervals. Subsequent clinical evaluations with repeated imaging (MRI and/or CT scan) were planned at 3-month intervals for the first 2 years after the end of the treatment or in case of metastatic patients until disease progression. After the first 2 years following the end of the treatment of locally advanced patients, the imaging tests were performed at 6-month intervals until disease progression. Tumour response was assessed according to the RECIST 1.0 criteria. Toxicity was graded according to National Cancer Institute Common Terminology Criteria for Adverse Events, version 3.0.
Statistical considerations. This was a single-institution, openlabel, single-arm pilot phase II study conducted to evaluate the preliminary efficacy and toxicity of cetuximab in combination with cisplatin-based chemoradio-or chemotherapy. Planned accrual was 25 assessable patients.
The primary objective of this trial was to determine the PFS. Secondary objectives were to assess the objective response rate (CR or PR) in case of locally advanced and metastatic patients. For both subgroups, the evaluation of toxicity and overall survival (OS) were considered also as secondary objectives.
Survival was estimated by Kaplan-Meier method. Progressionfree survival was considered as the time from the beginning of the treatment until disease progression or death. Living patients without known disease were censored at last follow-up.
RESULTS
Patients and treatment. Between August 2005 and December 2012, 21 patients with ACC were enrolled onto this study. Twentyfour (86%) of 28 screened patients were positive for EGFR. Of the 24 patients, three declined participation. All enrolled patients were assessable for survival, efficacy and toxicity.
Clinicopathologic characteristics of patients are presented in Table 1 . An excess of female subjects (67%) in both subgroups were present. The nodal stage was N0 for all patients in the locally advanced subgroup.
The following surgical interventions and/or radiotherapy were applied on primary tumours of metastatic patients long before enrollment in this study: three patients were treated by primary local radiotherapy without surgical resection; nine patients having R0 (N ¼ 5) or R1 (N ¼ 4) resected tumour received adjuvant radiotherapy. The median disease-free survival after the adjuvant radiotherapy was 75 months (95% confidence interval (CI): 34-94); however, the median DFS was only 16 months (95% CI: 11-101) for patients with R1 resected tumour.
Response and survival. Of the nine patients with locally advanced tumour, four patients (44%) presented objective response (two CR and two PR) and none had PD (Table 1) . Of the five patients with stable disease (SD), two patients experienced disease progression after 13 and 15 months. In one patient with SD, the progression was observed at 64 months as lung metastasis.
The objective response rate in case of metastatic patients was 42% (five cases with PR). None of these patients experienced PD. Of the seven patients with SD, five experienced progression after 2, 16, 18, 34 and 48 months. In case of patients with more than one metastatic site who responded with SD (five patients), the size of all metastatic lesions remained unchanged or some of the lesions presented minimal decrease (three patients).
The site and size (in cm) of evaluable metastases and the response for each patients with distant metastases are as follows:
Patient (Pts)1-lung (1.0, 1.1, 1.2, 2.0) PR; Pts2 -skin (2.0, 2.6, 3.0, 3.0) PR; Pts3 -lung (1.2), dura (1.5) SD; Pts4 -lung (0.3, 0.4, 0.6, 1.0) SD; Pts5 -dura (3.6), bone (2.0) SD; Pts6 -lymph nodes (0.6, 0.8), lung (0.5, 1.3, 2.0, 2.4) SD; Pts7 -bone (4.1), lymph node (1.0) PR; Pts8 -lymph nodes (1.0, 1.0, 1.7) SD; Pts9 -lymph nodes (0.7, 1.0, 1.1, 1.4, 1.4) SD; Pts10 -lung (1.8, 2.0, 2.2, 3.3) SD; Pts11 -lung (1.0, 1.2, 1.2), liver (1.0, 1.3, 1.3, 2.0), kidney (2.0) SD; and Pts12 -liver (2.3, 15), kidney (9.2), lung (0.5, 1.5, 1.5) SD.
The median follow-up for patients with locally advanced disease was 52 months (95% CI: 24-89). The median PFS was 64 months (95% CI: 15-64) and the 2-year PFS rate was 76% (95% CI: 47-100). The median OS has not been reached and the 2-year OS rate was 100% ( Figure 1A ). To date, two patients have died without distant metastases. The median PFS of responders (CR þ PR) and non-responders (SD) was 35 and 64 months, respectively.
Patients with metastases were followed up for a median of 72 months (95% CI: 21-72). The median PFS was 13 months (95% CI: 9-19), whereas the median OS was 24 months (95% CI: 22-24). The 2-year survival rate was 33% and 48% for PFS and OS, respectively ( Figure 1B) . During follow-up five patients have died. The median PFS of responders (CR þ PR) and nonresponders (SD) was 8 and 19 months, respectively.
Toxicity. All patients were assessable for adverse events (Table 2) . Cetuximab with chemoradiotherapy was modestly tolerated by most patients (89% of patients with locally advanced tumour experienced grade 3 or 4 toxicities). In general, toxicities were typical of those expected for concurrent cetuximab, cisplatin and radiotherapy. Skin rash, in-field dermatitis, mucositis and vomiting were the most frequent grade 3 or 4 adverse events. In metastatic patients, the cetuximab plus chemotherapy was better tolerated (50% of patients presented grade 3 or 4 adverse events). Two patients with grade 3 toxicity of vomiting due to the cisplatin refused the last or the last two cycles of chemotherapy. One patient refused the cetuximab treatment of the last two cycles because of skin rash of grade 3. Six patients had been hospitalised because of adverse events (five with locally advanced tumour and one metastatic patient).
DISCUSSION
Adenoid cystic carcinoma has a variable natural history and no systemic treatment to date has improved survival. Recent trials of targeted therapies in advanced ACC have reported few objective responses (Chau et al, 2012) . This study summarises our experience with treatment of EGFR-positive locally advanced ACC patients with cetuximab and concomitant chemoradiotherapy, and with cetuximab and classical chemotherapy for metastatic ACC patients.
For non-metastatic ACC patients who have R1-2 resected or non-resected tumours, the use of radiotherapy is a standard procedure (Ko et al, 2007; Gomez et al, 2008; Shen et al, 2012) . Concurrent chemoradiation (CRT) is a feasible treatment option and may lead to sustained locoregional tumour control in patients with non-resected tumour (Samant et al, 2012) .
There are only few studies reporting survival of patients with locally advanced ACC treated with irradiation and chemotherapy. Haddad et al (2006) studied five patients with unresected tumour treated with platinum-based chemoradiotherapy. After a median follow-up of 36 months, four patients were alive with no evidence of disease and one patient (1 out of 5; 20%) developed distant metastasis. Gomez et al (2008) analysed inter alia four patients with inoperable disease receiving platinum-based radiochemotherapy. The median PFS was 43.2 months (3.6 years) (calculated from the given individual survivals). In a study conducted by Samant et al (2012) on 16 patients with non-resected ACC treated by concurrent chemoradiation with a median follow-up of 61 months, the median PFS was 51 months (calculated from the PFS curve) and distant metastases developed in five patients (5 out of 16; 31%) (Samant et al, 2012) . In our study, the addition of cetuximab to the cisplatin-based CRT in patients with locally advanced ACC increased the median PFS up to 64 months and only one out of 9 (11%) patients developed distant metastasis after a median follow-up of 52 months. To the best of our knowledge, our study is the first trial combining targeted therapy (cetuximab) with CRT in locally advanced ACC. This combined modality markedly increased the PFS and decreased the rate of distant metastases as compared with CRT data in the literature.
There are some concerns regarding the side effects of triple combination (cetuximab, cisplatin and radiotherapy) because one study for patients with locoregionally advanced squamous cell carcinomas of head and neck using concurrent cetuximab, cisplatin and radiotherapy was closed for significant adverse events (Pfister et al, 2006) ; however, in other two studies for similar lesions using cetuximab and cisplatin-based CRT, the toxicity was manageable (Kuhnt et al, 2010; Merlano et al, 2011) . It needs to be mentioned that in the latter studies, cisplatin was administered weekly (lower dose), whereas in the first trial every 3 weeks (higher dose). Interestingly, in this latter trial, the efficacy (objective response and survival) was more enhanced. In our study, cisplatin was given every 2 weeks, and besides encouraging efficacy, the toxicity was manageable, although the tumour type was ACC and not squamous cell carcinoma.
The combination of radiotherapy with cetuximab in advanced/recurrent ACC patients was the aim of two studies reporting acceptable toxicity and promising response and local control rates; however; the OS rate remained relatively low 
Skin rash 9 (100) 6 (67) 11 (92) 4 (33) In-field dermatitis 7 (78) 6 ( (Jensen et al, 2010; Zwicker et al, 2011) . Further studies are neccessary to evaluate the efficacy of this combined treatment (Jensen et al, 2011) . Chemotherapy might have palliative benefit for a small proportion of patients with metastatic/recurrent ACC. Objective responses were uncommon (13% of 141 patients) in eight trials of single-agent chemotherapeutic drugs. The combination chemotherapy used in 17 trials showed objective response in 24.5% of 143 patients, of whom the majority had distant metastases. If combination chemotherapy is chosen, available data support cisplatin combined with anthracycline (Laurie et al, 2011) . In one trial reported by Hill et al (1997) , the combination of cisplatin with 5-fluorouracil was administered to 11 metastatic ACC patients, with three partial responses (27% objective response). In our study, the use of cetuximab in metastatic patients concomitant with the combination of cisplatin and 5-fluorouracil increased the objective response rate by B60% as compared with the investigation of Hill et al (1997) . The presence of cetuximab also increased the median PFS in this study as compared with the Hill's study (13 vs 9 months) and the OS was doubled (24 vs 12 months).
In the case of metastatic ACC patients, single-agent targeted therapy or combined targeted chemotherapy have already been studied. Bortezomib, a proteosome inhibitor, was investigated in patients with metastatic ACC. No objective responses were reported with bortezomib monotherapy, whereas after bortezomib plus doxorubicin 14% of patients presented partial response (Argiris et al, 2011) . Imatinib, an inhibitor of protein tyrosine kinase of ABL, PDGFR and c-kit receptor, used as monotherapy seemed to be ineffective in the treatment of metastatic ACC (Hotte et al, 2005; Lin et al, 2005; Ochel et al, 2005; Guigay et al, 2007; Pfeffer et al, 2007) , excepting some responses in small case series (Alcedo et al, 2004; Faivre et al, 2005) . Combination of imatinib with cisplatin provided objective response in 29% of patients with locally advanced or metastatic ACC. The median progression-free survival and OS was 15 and 35 months, respectively (Ghosal et al, 2011) . Sunitinib, a multitargeted tyrosine kinase inhibitor, in a phase II study showed no objective responses in patients with recurrent and/or metastatic ACC (Chau et al, 2012) . The combination of sunitinib with chemotherapy has not yet been studied. A phase II study of the anti-EGFR inhibitor cetuximab monotherapy did not report any major objective response and the time to progression was only 6 months of recurrent or metastatic ACC (Locati et al, 2009b) . On the basis of two case reports, the addition of cetuximab to chemotherapy (FOLFOX6 or paclitaxel) resulted in a partial response and relatively long-lasting SD (41 year) in patients with metastatic ACC, previously treated with chemotherapy without success (De Dosso et al, 2009; Caballero et al, 2013) . Similar to these case reports in our phase II study, the combination of cetuximab with cisplatin showed an objective response rate 440% and 13 and 24 months median PFS and OS, respectively, in patients with metastatic ACC. Other anti-EGFR therapies (gefitinib, lapatinib) were also used in the treatment of metastatic ACC, but the treatments failed to achieve any objective responses (Glisson et al, 2005; Agulnik et al, 2007) . Combination of these targeted therapies with classical chemotherapies might be worthy to test in further studies. Other targeted therapies (dasatinib, dovitinib, vorinostat, axitinib, etc.) are investigated in ongoing clinical trials of recurrent/locally advanced/metastatic ACC. To the best of our knowledge, our study is the first trial combining cetuximab with chemotherapy in metastatic ACC. This modality markedly increased survival as compared with data in the literature, which are reporting results of other targeted agents plus chemotherapy or other targeted agents as monotherapies.
The unexpected PFS data of responders vs non-responders in both cohorts of our study may be interpreted with caution because of the low number of patients; however, on the other hand, the biologic therapies in contrast to the cytotoxic CRTs exert cytostatic effect, which may benefit outcomes with long-lasting SD. Even for 'non-responding' (SD) patients, the PFSs in both cohorts of our study proved to be longer compared with the historical data.
The relatively good result of our trial may be explained by the recently identified importance of EGFR inhibition in preventing tumour growth and metastatic potential of ACC (Huang et al, 2013; Jia et al, 2013) ; however, the low rate of grade 3 tumours and perineural invasion may also contribute to the final outcome.
In conclusion, the addition of cetuximab to chemoradiation or chemotherapy has improved treatment efficacy in locally advanced and in metastatic ACC patients. Side effects like severe skin toxicity and mucositis were manageable and did not hamper the treatment course. Considering the natural history of ACC with slow progression, longer follow-up will be needed for better evaluation of the treatment effect including accurate imaging. Further clinical trials based on collaborative multicentric efforts can help in selecting the optimal targeted therapy-based strategy in ACC.
